The detection and control of localised electrons in both intrinsic and fabricated traps in solid-state devices are major technical challenges. Single-electron transistors (SET) and single-Cooper-pair transistors (SCPT) are used as sensitive electrometers in charge qubits 1, 2 , quantum dots 3 and Cooper-pair boxes 4 . But these devices exhibit intrinsic charge traps and two-level systems 5, 6, 7, 8 , giving charge offsets, two-level fluctuators, hysteresis and 1/f noise 9 , which limit their performance. Trapped electrons can escape from a metastable quantum state by tunneling 10 through a potential barrier or thermal activation over the barrier at a temperature T. The escape rate is then proportional to exp(E/kT) with activation energy E. In some systems, the potential barrier can be driven to zero 11 by an external control parameter v with E  v  and   1. Trapped electrons can also escape by phonon-assisted tunneling, or tunneling from thermally excited energy levels 12 . We now present measurements of the detailed dynamics of the capture and escape of individual electrons in metastable trapped states at very low temperatures in an SCPT. Individual electron transitions were detected and measured.
The devices, designed for applications in surface-state charge detection 13 , were fabricated with multiple metallic layers using e-beam lithography on a Si/SiO 2 substrate.
Voltages applied through low pass filters and a 1 m length of thermocoax to a set of gate electrodes controlled the electrostatic potential of an Al-AlO x -Al SET 14 , Figure 1 voltage V G , due to capacitive coupling C G to the SET island inducing a charge Q = C G V G . On the JQP peak, the CBO were periodic in Q = 1e, Figure 1 (c). At small sourcedrain voltages (V SD < 25 V), large amplitude CBO (> 400 pA) were 2e periodic 15 , Figure 1 (c), when the superconducting island was in an even-parity state with no unpaired electrons 16 . The 2e CBO amplitude decreased above 250 mK, changing to 1e periodicity, due to thermally excited quasiparticles 16 . The low noise CBO (5  10 4 e/Hz at 100 Hz) were stable for long periods. The gate electrodes G1 were strongly coupled with a 1e CBO period of 6.6 mV, while gate electrode G2 was weakly coupled with a period of 32.8 mV.
The source-drain current I SD exhibited sudden jumps, equivalent to CBO phase discontinuities, Figure We also swept V G2 through the threshold at a constant rate dV G2 /dt =  a and measured the distribution of voltages at which 1000 individual transitions occurred, for a range of temperatures. Figure 3 (a) shows the probability P(v,T) of the occupancy of the initial state which decreases from 1 to 0 through the transition. The transition has a sharp threshold at low temperatures and broadens as T increases. The rate of decrease of P is (1/P)dP/dt = a dlnP/dv = 1/. The slope of the log 10 P vs. v plot, Figure 3 (b), is proportional to 1/, and is constant for v > 0, above the threshold. Below the threshold (v < 0) an Arrhenius factor 9 gives an excellent account of the escape and capture rates as the excitation energy E = e|v|/γ increases linearly from zero, where γ is a geometrical voltage scaling factor 17 . Experimentally, an excellent fit is found for
where 1/τ 0 is the value at and above the threshold, which can be integrated to give P(v,T): we would wrongly interpret the jump size as 0.08e. Random 1e jumps were observed previously in an NSN device 21 , and were interpreted as the tunneling of electrons from the superconducting SET island to nearby traps. We conclude that there are quasiparticle traps close to the SET island, whose occupancy is limited by Coulomb blockade. Figure 3 are tunneling to or from the superconducting island, then we should observe a maximum of 1/ for v  0, rather than the constant 1/ 0 .
However, Eq.(1) was used by Rogers and Buhrman 9 and by Grupp et al. 5 for the relaxation of an intrinsic two-level system (TLS).
We suggest the following to explain (i) charge offsets close to 1e, (ii) hysteresis and (iii) Arrhenius excitation. As any gate voltage V G is swept, intrinsic TLS transitions will occur, with local charge movements 6 , but relatively small charge offsets, |Q| < 0.1e.
But each transition will change the Coulomb energy of other nearby traps and may trigger the tunneling of an electron between the SET island and a quasiparticle trap 26 , which may then stabilise the TLS, giving hysteresis. The excitation energies 24 of the TLS, E, and the trap, E 1 , will depend on V G , the TLS state (M = 0, 1) and the trap occupancy (N = 0, 1) as
where  1 is a voltage scaling factor for the trap as V G is swept and E is the difference of the Coulomb interaction energy between an electron in the trap and an electron in the M = 0 and the M = 1 TLS states. As V G is swept, the trap will fill, or the TLS switch, whenever E or E 1 = 0, or thermal excitation occurs. Since both mechanisms are independently thermally excited, the sequence of events will depend on their relative energies and rates. If we start in the state (M = 0, N = 0) and sweep V G positive, the TLS will switch at V + to state (1, 0) . If this then makes E 1 < 0, the trap will rapidly fill (<<  0 )
to state (1, 1), giving |Q|  1e, but also decreasing E and stabilising the TLS. Sweeping 
